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Summary
Background: Numerous cross-sectional studies have shown that persons with radiographic features of osteoarthritis (OA) of the hips and
knees have higher adjusted levels of bone mineral density (BMD).
Objective: Data from the Baltimore Longitudinal Study of Aging were examined to determine (1) whether persons with radiographic features
of OA of the hands and knees had different rates of bone loss than subjects with normal knee radiographs, and (2) whether persons with
normal knee radiographs who had higher adjusted levels of BMD were at greater risk of developing radiographic features of knee OA.
Design: Longitudinal cohort study.
Subjects: 298 Caucasian men and 139 Caucasian women aged 20 and above who had radiographs of the hands and knees read for features
of OA and two or more measurements of BMD at the forearm at least 4 years apart. 179 Caucasian men and 110 Caucasian women aged
20 and above who had longitudinal knee radiographs on average 10 years apart, a subgroup of whom had baseline measurement of lumbar
spine and/or femoral neck BMD.
Results: Women with radiographic OA of the hand had a significantly greater adjusted rate of bone loss at the radius than women with normal
hand radiographs; no such differences were noted in men for hand OA. There were no significant differences in adjusted rate of bone loss
at the radius in men or women by presence of radiographic knee OA. Higher BMD at the lumbar spine but not at the femoral neck was
associated with an increased risk of developing incident radiographic knee OA after adjustment for age, gender, and body mass index.
Conclusions: These data demonstrate that persons with radiographic OA lose bone at different rates than those with normal radiographs and
that this relationship varies between the site of OA and the site of measurement of BMD. In addition, they further support a role for higher
bone mass in the development of radiographic knee OA. Further studies are needed to examine the relationship between changes in bone
mass and radiographic progression of OA.
© 2003 OsteoArthritis Research Society International. Published by Elsevier Ltd. All rights reserved.
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Introduction
Thirty years ago, Foss and Byers reported the first
examination of the relationship between bone mass and
osteoarthritis1. They found that the distribution of bone
mass, estimated using the percent cortical area of the
second metacarpal, differed between 140 patients who had
undergone surgical treatment of hip fracture and 100
patients who had undergone surgical treatment of hip
osteoarthritis. The majority of patients with hip osteoarthritis
had bone mass above the 90th percentile, while 45% of
the hip fracture cases had bone mass below the 10th
percentile. Since then, numerous cross-sectional studies
have examined the relationship between bone mass,
measured by various techniques, and osteoarthritis, and
this topic has been the subject of several reviews2–4. In
general, subjects with clinical or radiographic osteoarthritis
have higher adjusted levels of bone mass than those
without osteoarthritis, although results differ somewhat by
site of bone mass measurement and the specific joint
groups affected by osteoarthritis. Few data are available on
the longitudinal changes in bone mass in subjects with
radiographic changes of osteoarthritis. Older women with
radiographic osteoarthritis of the hip were noted to lose
bone mass at a slower rate that those with normal hip
radiographs even after adjustment for age, weight, and use
of hormone replacement therapy5. However, it is unclear if
persons with radiographic changes of hand or knee osteo-
arthritis lose bone at a greater rate than those with normal
hand or knee radiographs.
We have previously reported on the association between
upper extremity bone mass and lumbar spine and hip
bone mineral density and radiographic osteoarthritis of the
knee in subjects participating in the Baltimore Longitudinal
Study of Aging6,7. This paper reports results of analyses
of data from the Baltimore Longitudinal Study of Aging
wherein subjects underwent serial measurement of bone
mineral density at the forearm with single photon absorp-
tiometry and had radiographs of the hand and knee read
for features of osteoarthritis. Furthermore, additional
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previously unpublished data examining the relationship
between baseline levels of bone mineral density measured
at the lumbar spine and femoral neck and incident radio-
graphic knee osteoarthritis are included to provide further
evidence of an important relationship between bone and
osteoarthritis.
Subjects and methods
SUBJECTS
The subjects in this study were participants in the
Baltimore Longitudinal Study of Aging, a multidisciplinary
research project conducted at the Gerontology Research
Center of the National Institute on Aging located in
Baltimore, Maryland and begun in 1958. Participants were
self-recruited, community-dwelling volunteers of middle-
and upper-middle-class socioeconomic status, who ranged
in age from 19 to 93 years at the time of their first visit.
RADIOGRAPHS
A single posteroanterior (PA) radiograph of both hands
and a single, weight-bearing, fully extended anteroposterior
(AP) radiograph of both knees were obtained at one or
more biannual visits between 1984 and 1991. All radio-
graphs were evaluated for osteoarthritis in 1992–1993 by
trained readers using the Kellgren–Lawrence scales as
described in the Atlas of Standard Radiographs8. Definite
osteoarthritis was defined as Kellgren–Lawrence grade 2
or higher. All participants with a single, weight-bearing, AP
radiograph of both knees taken between 1984 and 1991
who were still participating in the study were invited to
undergo a repeat radiograph at the time of their biannual
visit in 1995–1998. For these subjects, paired radiographs
were read blinded to time sequence by two trained readers;
any disagreements were adjudicated by a third trained
reader. Cases in which the initial radiograph did not show
definite knee osteoarthritis and the follow-up radiograph did
demonstrate definite knee osteoarthritis were defined as
incident cases of knee osteoarthritis.
BONE MINERAL DENSITY
Bone mineral density at the distal third of the left radius
was measured with the technique of single photon absorp-
tiometry using a Lunar SP2 analyzer (Lunar Corporation,
Madison, WI). Bone mineral density of the lumbar spine
(L2–L4) and/or right proximal femur was measured with the
technique of dual photon absorptiometry using a Lunar
DPA densitometer (Lunar Corporation, Madison, WI).
DATA ANALYSIS
Data were analyzed using the Statistical Analysis System
(SAS), version 6.06 (SAS Institute Inc., Cary, NC). Differ-
ences in mean values of absolute and percent change in
bone mineral density between osteoarthritis groups were
compared by Student’s t-tests and one-way analysis of
variance. Rates of change in bone mineral density,
expressed as percent change from baseline per year, were
adjusted using PROC GLM in SAS for age, body mass
index [weight in kilograms divided by the square of the
height in meters], and use of hormone replacement therapy
in postmenopausal women. Factors assessed at the time of
the first knee radiograph were examined for their associ-
ation with the development of incident radiographic knee
osteoarthritis using a knee-specific analysis9. Multiple vari-
able logistic regression models were constructed using
the Generalized Estimating Equation to estimate odds
ratios and calculate 95% confidence intervals (CI)10; these
analyses were conducted using PROC GENMOD in SAS.
Results
BONE LOSS BY PRESENCE OF RADIOGRAPHIC OSTEOARTHRITIS
The study population included 298 Caucasian men and
139 Caucasian women aged 20 and above who had
radiographs of both hands and knees read for features of
osteoarthritis, and two or more measurements of bone
mineral density at the distal third of the left radius using
single photon absorptiometry at least 4 years apart. The
mean [standard deviation (SD)] intervals between first and
last bone mineral density measurements were 12 [4] years
in men and 6 [2] years in women.
At the time of first measurement of bone mineral density,
subjects had a mean [SD] age of 61 [15] years; 65% and
68% of men and women, respectively, had Kellgren–
Lawrence grade 2 hand osteoarthritis in at least one joint;
and 31% and 35% of men and women, respectively, had
Kellgren–Lawrence grade 2 knee osteoarthritis in at least
one knee. Mean body mass index was 25.9 in men and
24.5 in women. Forty-one percent of 114 postmenopausal
women were taking hormone replacement therapy.
The adjusted rate of bone loss at the distal radius was
significantly greater than zero in both men and women with
radiographic hand osteoarthritis (P<0.01) but not in those
without hand osteoarthritis (Table I). Furthermore, in
women, but not in men, the adjusted rate of bone loss was
significantly greater in those with radiographic hand osteo-
arthritis than in those without hand osteoarthritis. The rate
of bone loss at the distal radius was significantly different
from zero in both men and women without knee osteo-
arthritis (P<0.01) but not in those with knee osteoarthritis
(Table I). In neither gender group, however, was the
adjusted rate of bone loss significantly different
between those with and those without radiographic knee
osteoarthritis.
BONE MINERAL DENSITY AS A RISK FACTOR FOR INCIDENT KNEE
OSTEOARTHRITIS
Of the subjects who underwent baseline bilateral weight-
bearing AP radiographs of the knees between 1984 and
1991 and had one or both knees free of definite knee
osteoarthritis, 179 men and 110 women had follow-up knee
radiographs taken between 1995–1998. The mean [SD]
Table I
Rate of bone loss at the distal radius in men in women with and
without hand osteoarthritis and with and without knee osteoarthritis
Rate of bone loss (mg/cm2/yr)*
OA Status Men Women
Hand osteoarthritis −1.74±0.5† −5.38±1.2†
No hand osteoarthritis −0.17±0.7 +3.11±2.1
Knee osteoarthritis −1.13±0.7 −1.44±1.6
No knee osteoarthritis −1.21±0.5† −3.26±1.1†
*Values are mean±standard error of the mean.
†Significantly different from zero; P<0.01.
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intervals between the first and last radiograph were 10 [2]
years in both sex groups.
Mean [SD] age was 61 [14] years; mean body mass
index was 25.8 [3.7] in men and 24.2 [3.5] in women; and
14.5% of men and 10.9% of women were current cigarette
smokers. Of 562 knees at risk for developing definite
osteoarthritis, 53 (9.4%) developed grade 2 or higher
changes including 41 with grade 2 changes, 10 with grade
3 changes, and 1 each with grade 4 changes or a total knee
replacement.
Results of a knee-specific logistic regression analysis
using generalized estimating equations are shown in
Table II. Older age, female sex, higher body mass index,
and the presence of contralateral knee osteoarthritis were
all independent risk factors for the development of definite
knee osteoarthritis.
At the time of first radiograph, a subset of 119 men and
76 women had a measurement of bone mineral density at
the lumbar spine. In this subgroup, 35 (9.3%) of 378 knees
developed definite osteoarthritis. In a knee-specific logistic
regression analysis, adjusted for age, body mass index,
gender, and menopausal status and use of hormone
replacement therapy in women, the odds of developing
knee osteoarthritis were 1.64 (95% CI, 1.03, 2.61) for each
standard deviation increase in spine bone mineral density.
At the time of the first radiograph, a subset of 107 men
and 65 women had a measurement of bone mineral density
at the femoral neck. In this subgroup, 40 (11.9%) of 335
knees developed definite osteoarthritis. In a knee-specific
logistic regression analysis, adjusted for age, body mass
index, gender, and menopausal status and use of hormone
replacement therapy in women, the odds of developing
knee osteoarthritis were 0.78 (95% CI, 0.51, 1.20) for each
standard deviation increase in femoral neck bone mineral
density.
Discussion
The relationship between bone mineral density and
osteoarthritis has been studied for almost 30 years, since
the initial observations of Foss and Byers1 that percent
cortical area of the second metacarpal was greater in
patients who had femoral head resections for hip osteo-
arthritis than in patients who had femoral head resections
for hip fracture. Many cross-sectional studies that utilized
the techniques of radiogrammetry and single photon
absorptiometry confirmed the association between higher
bone mineral density and osteoarthritis of the hip, but
provided conflicting data on such an association with
osteoarthritis of the hand and generalized osteoarthritis;
these studies were reviewed by Star and Hochberg in
19942.
The advent of dual X-ray absorptiometry and the recruit-
ment of cohorts of patients with osteoarthritis for longitudi-
nal studies spurred investigation in this area. Several
cross-sectional studies showed associations between
higher mean levels of bone mineral density measured at
the lumbar spine and/or hip and presence of radiographic
osteoarthritis at multiple sites including the hand, hip, knee,
and lumbar spine11–15; these studies were reviewed by
Sambrook and Naganathan3 and Stewart and Black4.
Arden and colleagues analyzed data from 3731 partici-
pants in the Study of Osteoporotic Fractures and reported
that older women with radiographic features of hip osteo-
arthritis had a slower adjusted rate of loss of bone mineral
density at the femoral neck than women without hip osteo-
arthritis5. These results contrast with those from the
Baltimore Longitudinal Study of Aging reported here.
Clearly, differences may be due to differences in the joint
sites examined for osteoarthritis, differences in bone
remodeling in weight-bearing and non-weight-bearing
joints, differences in the site and technique of bone mass
measurement, and the relative location of the site of
bone mass measurement and the joint group assessed for
osteoarthritis.
Higher levels of bone mineral density at the femoral neck
have previously been associated with an increased risk of
developing radiographic osteoarthritis of the hip and knee
in elderly women16,17, and osteoarthritis of the hand in
pre- and perimenopausal women18. Our results extend
the causal association of higher levels of adjusted bone
mineral density with incident knee osteoarthritis into a
population of middle age comprised of both sexes. The
association of higher lumbar spine bone mineral density
with an increased incidence of knee osteoarthritis suggests
that the relationship may be due to a systemic process
rather than just changes in the local periarticular bone.
Possible systemic factors that might explain the relation-
ship between higher spine bone mineral density and radio-
graphic osteoarthritis include shared genetic factors,
particularly common genetic markers such as the vitamin D
receptor (VDR) polymorphism19,20, as well as non-genetic
factors related to rates of bone turnover18,21 and use of
nonsteroidal anti-inflammatory drugs22,23. However, it is
possible that participants in the Baltimore Longitudinal
Study of Aging with higher lumbar spine bone mineral
density had lumbar spondylosis accompanied by osteo-
phytosis, and this may have been part of a syndrome of
generalized osteoarthritis. While we did exclude scans with
marked degrees of osteophytosis as well as aortic calcifi-
cation, we did not review spine radiographs in these
subjects.
While patients with osteoarthritis have higher adjusted
levels of bone mineral density, they do not appear to be
protected from the complications of low bone mineral
density as there appears to be no difference in the rate of
fractures5,24,25. Possible explanations for this absence of
fracture risk reduction may include differences in muscle
strength and body sway, which might contribute to the risk
of falling. In addition, preliminary data suggest that persons
with osteoarthritis of the knee who have lower bone
mass are more likely to develop progressive radiographic
damage16; perhaps these are the individuals at greater risk
of fracture. The relationship between bone mass, bone
turnover, and osteoarthritis remains of great interest to
basic as well as clinical investigators. With osteo-
porosis and osteoarthritis being two of the most prevalent
Table II
Factors associated with incident radiographic knee osteoarthritis*
Risk factors Adjusted odds ratio (95% CI)
Age (per 5-year increase) 1.28 (1.16, 1.47)
Female sex 1.85 (0.95, 3.70)
Body mass index (per 5-unit) 1.47 (1.16, 2.28)
Current cigarette smoking† 0.64 (0.13, 3.06)
Contralateral knee OA 6.04 (1.86, 19.6)
CI=confidence intervals; OA=osteoarthritis.
*Analysis was adjusted for all variables in table as well as
duration of interval between first and last radiograph.
†Significant statistical interaction between smoking and body
mass index.
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musculoskeletal disorders among older individuals in
developed countries26, more research is anticipated during
the ‘Bone and Joint Decade.’
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